Phorbol ester and diacylglycerol induce protein phosphorylation at tyrosine.
The phorbol ester 12-O-tetradecanoyl-phorbol-13-acetate (TPA) is an efficient tumour promoter in vivo. In vitro, TPA activates the phospholipid- and Ca2+-dependent protein kinase, kinase C. This activation is believed to reflect the structural similarity between TPA and diacylglycerol, the endogenous protein kinase C activator which is produced in vivo by hydrolysis of phosphatidylinositol (reviewed in ref. 3). Protein kinase C phosphorylates protein substrates at serine and threonine residues in vitro. The effects of TPA on cultured fibroblasts--including enhanced hexose uptake, disruption of actin stress fibres and growth stimulation--are very similar to those induced by certain retrovirus transforming proteins and by peptide growth factors such as epidermal growth factor (EGF), platelet-derived growth factor (PDGF) and multiplication-stimulating activity (MSA). These transforming proteins and mitogenic agents seem to act by inducing tyrosine-specific protein phosphorylation. Such observations suggested that some of the effects of TPA in vivo may be mediated by protein phosphorylation at tyrosine residues. A 42,000-molecular weight (42 K) polypeptide was previously shown to be phosphorylated at tyrosine in cells transformed by avian sarcoma viruses and in cells stimulated by EGF, PDGF or MSA (J. Cooper, personal communication and refs 11 and 12; this polypeptide was originally designated 43 K or spot n in ref. 10). We show here that this polypeptide also becomes phosphorylated at tyrosine in cells treated with TPA. Furthermore, exogenously added diacylglycerol likewise stimulates the phosphorylation of this protein at tyrosine.